constraints, demography, dispersal, and competition), evolutionary (mutation and speciation), spatio-temporal scales and organizational levels (populations, species, communities, and 1 4 assemblages), switching off processes to assess the importance 1) of competition for realistic 1 5 population and range dynamics; 2) metabolic constraints for endemism and community 1 6 composition; 3) environmental dynamics and 4) speciation for biogeographical patterns.
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The first simulation experiment generated temporally and spatially-explicit patterns spanning 2 four different ecological levels. At the population level, the dynamics of population structure 3 and species abundance at local scale and for the entire island emerged from the simulations 4 ( Fig. 2 a-f ). Population structure (proportion of seeds, juveniles, and adults within the 5 population) varied from mostly stable (Fig. 2d ) to episodically changing due to island growth 6 or erosion events ( Fig. 2e-f ) to ever changing (mostly due to declining adult abundances, Fig.   7 2c). Native non-endemics (from now simply non-endemics) tended to decrease in mean 8 abundance ( Fig. 2g ), whereas anagenetic (Fig. 2h ) and cladogenetic (Fig. 2i ) endemics had 9 more stable abundances over time.
0
At the species level, the spatial distribution of abundance and realized range changed over 1 1 time and could strongly deviate from the distribution of potential habitat, with some species 1 2 being able to survive only in sub-optimal environments (Fig. 3a) . The species tended to have endemics retaining higher range filling than anagenetic endemics and non-endemics (Fig. 3b ).
5
At the local community level, rank-abundance distributions followed a lognormal 1 6 distribution ( Fig. 4a) . Local species richness, richness of cladogenetic endemics, and proportion of cladogenetic endemics increased over time respectively richness and cladogenetic endemic richness peaked at intermediate elevations 1 9 respectively), whereas the proportion of cladogenetic endemics was highest at low elevations 2 0 (Fig. 4d ).
1
At the level of the island-wide meta-community (from now on termed as assemblage), 2 2 species-area relationships (SARs) were steeper during the growth phase than during the 2 3 erosion phase ( Fig. 5a-b) . Species richness showed a humped trend and peaked at 2 4 intermediate to advanced age (Fig. 5c ), whereas the peaks for anagenetic and cladogenetic 1 endemics lagged slightly behind (Fig. 5c ). Colonization and extinction rates were humped and 2 peaked at intermediate island ages (fig. 5d ). This trend was also obtained for rates of 3 anagenesis and cladogenesis, but it was two orders of magnitude lower than for immigration 4 (Fig. 5e ). Extinction of endemics was also humped, but with a very late peak (Fig. 5e ). The 5 number of radiating lineages, the number of species per radiating lineage, and trait richness all 6 peaked at advanced island ages (Fig. 5f, g ). However, species packing showed an initial steep 7 decrease followed by a humped trend over time (Fig. 5h ). For the cladogenetic endemics, the 8 mean pairwise trait distance to their ancestral species showed a very shallow humped trend 9 over time, whereas the distance to all species increased almost for the entire island lifespan, 1 0 decreasing only at very advanced island age (Fig 5i) .
The second simulation experiment, namely switching off main processes, revealed patterns 1 2 diverging from the first, full model experiment (Fig. 6) . At the population level, population 1 3 structure was generally stable in the scenario without competition (Fig. 6a vs. Fig. 2b ), 1 4 whereas population structure was highly oscillatory without metabolic constraints (Fig. 6b ).
5
Without environmental dynamics, species colonized earlier, but were subjected to extinction 1 6 as in the full model (Fig. 6c) . Without speciation, colonizers decreased in abundances over time, but survived the entire simulation (Fig. 6d) . Without competition, range filling was 1 8 lower at intermediate island age and for cladogenetic species (Fig. 6e vs. Fig. 3b ), whereas 1 9 without metabolic constraints, range filling was variable, with non-endemics going extinct at 2 0 advanced island age (Fig. 6f) . Without environmental dynamics, range filling was highest for 2 1 cladogenetic endemics, but showed stable dynamics after the initial colonization period ( Fig.   2  2   6g ). Without speciation, species maintained high levels of range filling (Fig. 6h ). In the 2 3 scenario without competition, the proportion of cladogenetic endemics was extremely high at 2 4 advanced island age, particularly in the lowlands (Fig. 6i vs. Fig. 4d right panel) . In the 2 5 scenario without metabolic constraints, the proportion of cladogenetic endemics was also 1 high, but without spatial structure (Fig. 6j) . Moreover, without environmental dynamics, the 2 proportion of cladogenetic species peaked at low and high elevations (Fig. 6k) , whereas 3 endemics were understandably absent without speciation (Fig. 6l) . At the assemblage level, 4 species richness showed a humped trend over time and was dominated by endemics, with 5 very high values without competition (Fig. 6m vs. Fig. 5c ) and very low values without 6 metabolic constraints (Fig. 6n) . Without environmental dynamics, total species richness on 7 the island tended towards equilibrium but the number of cladogenetic species continued to 8 increase ( Fig. 6o) , whereas without speciation, species richness showed a humped trend 9 similar to, but with lower values and less variation than, the full model ( Fig. 6p vs. Fig. 5c ). In the full model, population structure varied according to local environment, species 3 evolutionary origin (non-endemic, anagenetic, or cladogenetic), and island age (Fig. 2) . The 4 high relative abundances, particularly of non-endemics (Fig. 2g) , on young islands can be 5 explained by lower competition due to low species number. Population establishment 6 decreases with island age, a pattern which has been observed for biological invasions on 7 islands worldwide (Kueffer et al., 2010) . Interestingly, endemics were better able to sustain 8 stable or increasing populations compared to non-endemics ( Fig. 2g-i ). Empirical data 9 comparing abundances of endemic and non-endemic plant species are rare, but evidence from 1 0 pollination networks on oceanic islands suggests that endemics tend to be generalists and to 1 1 have higher relative abundances than non-endemics (Olesen et al., 2002) . Moreover, endemic 1 2 arthropods in the Azores also tended to show higher densities and occupancy than native non-1 3 endemic species (Gaston et al., 2006) . Strikingly, without competition, species could sustain 1 4 high and stable abundances (Fig. 6a) , whereas without speciation, populations decreased over time, but could survive longer than in the full model (Fig. 6d) . These results confirm our first 1 6 hypothesis that competition regulates populations, particularly considering the colonization 1 7 and evolution of competitors. Under the full model experiment, the sharp decrease in normalized abundances after the initial 2 0 island growth phase (Fig. 2g -i ) translated into a general decrease in range filling at the 2 1 species level at intermediate to advanced island ages (Fig. 3) . Even if species could fill their 2 2 entire potential range, the realized abundance distribution could diverge from the distribution 2 3 of habitat suitability, particularly at intermediate island age (Fig. 3a) . Such divergence can be 2 4 explained by interspecific competition, which decreases abundances and may shift abundance 1 peaks to sub-optimal environmental conditions, as reported for plants and animals (McGill, 2 2012; Wisz et al., 2013) . With decreasing island size, extinction of poorer competitors 3 increased range filling of surviving species (Fig. 3b) . Remarkably, cladogenetic endemics 4 were better able to fill their potential range compared to non-endemics and anagenetic 5 endemics, which indicates high selective pressure on species to cope with competition.
6
Because anagenetic endemics did not change their niche upon speciation, their range filling 7 dynamics were coherently comparable to non-endemics.
8
The scenario without competition revealed similar trends, but with higher range filling number of endemics was very high (Fig. 6m) . Hence, the lower range filling of cladogenetic Species richness and endemic richness (Fig. 5c ) followed the humped trend over time 1 predicted by the GDM (Whittaker et al., 2008; Hortal et al., 2010; Borregaard et al., 2016) . and species assemblage composition, although their impacts are assumed to mostly affect 1 5 richness locally (but see Waters et al., 2013; Pedersen et al., 2014) .
The humped distribution of species richness over time in the scenario without speciation 1 7 rejected our forth hypothesis that speciation is necessary to generate this pattern. Our results
indicate that the humped richness can emerge through colonization and extinction rates alone and without involving speciation rate. In the full model, colonization and cladogenesis rates 2 0 indeed followed the theoretical predictions of decreasing colonization and humped speciation 2 1 rates for a hotspot geological trajectory ( Fig reached a dynamic equilibrium only on very old islands akin to ETIB predictions (similar 5 extinction and immigration rates in Fig. 5d ; MacArthur & Wilson, 1963) . Interestingly, the 6 much delayed peak extinction of all compared to that only of endemic species (compare Figs   7 5d-e) indicates that endemic species might be less susceptible to extinction (i.e. better adapted 8 to in situ conditions) than non-endemic species during early stages of island erosion. Carnicer et al., 2012). We found initially high values in species packing followed by a sharp 1 2 decrease (Fig. 5h) , possibly reflecting strong environmental filtering, indicating that only 1 3 species with similar trait syndromes (e.g. lowland-adapted, good dispersing herbs) might be 1 4 able to colonize young islands. As islands gain in environmental heterogeneity, new 1 5 colonizers and evolving endemics increased the trait space, causing the sharp decrease in 1 6 species packing (Fig. 5h) . Thereafter, species start to fill the trait space, closely tracking 1 7 island area. However, species packing was not random, as cladogenetic endemics were 1 8 selected to fill the environmental space away from the co-occurring species thereby avoiding (Fig. 5i) . This indicates complex interactions between trait, demographic, and The ability of the model to simultaneously generate multiple patterns across different based framework, which is fundamental for testing island biogeography theory given the role 1 2 of habitat heterogeneity and niche opportunities for speciation (Whittaker et al., 2008) . calibrate the model and to evaluate different emergent patterns (Wiegand et al., 2003) . For Simulating large and species-rich islands might be computationally unfeasible, but within 2 0 feasible computational scenarios data scarcity can be overcome with pattern-oriented 2 1 modelling by using emergent patterns to calibrate unknown parameters and preventing error 2 2
propagation (Wiegand et al., 2003; Grimm & Railsback, 2012) .
3
We used theoretical predictions and empirical data for evaluation of model structure and and endemism over time (Whittaker et al., 2008; Cameron et al., 2013) Cabral et al., submitted) and model structure (Fig. 6) . Therefore, data limitation should not 1 3 prevent the exploration of relevant processes in simulation models (Evans et al., 2013) . Our modelling results show that understanding biodiversity dynamics requires the island biogeography-related context, the novelty of our approach is that it simulates processes 1 9
at the level of the individuals and populations in a stochastic, niche-, and metabolism-based 2 0
framework. This framework leads to biogeographical dynamics emerging at large spatio- Global Ecology and Biogeography, 21, 236-246.
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